Introduction
============

Liver X receptors (LXRs) are ligand-activated transcription factors belonging to the nuclear receptor superfamily. Nuclear receptor subfamily 1 group H member 3 (NR1H3), also called liver X receptors α (LXRα), and nuclear receptor subfamily 1 group H member 2 (NR1H2), also called liver X receptors β (LXRβ), are two isoforms LXRs, which are activated by oxysterols (oxidized cholesterol derivatives), such as 22^®^-hydroxycholesterol (HC), 20(S)-HC, 20,22-dihydroxycholes-terol, and 24-HC.[@b1-ott-12-685]--[@b5-ott-12-685] TO901317 was the first reported synthetic LXR agonist and is most commonly used to study the mechanistic behaviors of LXRs in breast cancer therapy.[@b6-ott-12-685],[@b7-ott-12-685] LXRs bind to nuclear retinoid X receptors (RXRs) and form obligate LXR/RXR heterodimers, which can be activated either by LXR agonists, such as oxysterols or synthetic ligands, like TO901317 (TO) and GW3965 (GW), or by RXR ligands, such as 9-cis retinoic acid.[@b8-ott-12-685]--[@b11-ott-12-685] NR1H3 and NR1H2 are expressed in many tissues and cells, such as the liver, intestines, adipocytes, and macrophages.[@b12-ott-12-685] NR1H3 is highly expressed in the breast, colon, pancreas, esophagus, and liver, whereas NR1H2 is ubiquitously expressed.[@b13-ott-12-685]--[@b18-ott-12-685] NR1H3 and NR1H2 are associated with various metabolic functions, such as cholesterol homeostasis, fatty acid homeostasis, steroidogenesis, glucose homeostasis, inflammation, and immunity.[@b19-ott-12-685]--[@b24-ott-12-685] Recent studies have shown that LXR agonists also exert antiproliferative effects in multiple cancer cell lines, including prostate, breast, liver, lung, cervical, and skin cancer cell lines.[@b25-ott-12-685]

Metabolic syndrome (MS), also called X syndrome or insulin resistance (IR) syndrome, is primarily associated with diabetes or abnormal glucose tolerance, hypertension, dyslipidemia, and obesity.[@b26-ott-12-685] A large number of epidemiological studies have shown that IR is closely related to many kinds of cancer, including colon cancer, pancreatic cancer, breast cancer, and endometrial cancer (EC).[@b27-ott-12-685]--[@b29-ott-12-685] NR1H3 and NR1H2 are known to be associated with various metabolic functions, such as the homeostasis of cholesterol, fatty acids, and glucose, as well as steroidogenesis.[@b30-ott-12-685] At high cholesterol levels, NR1H3 and NR1H2 upregulate the expression of sterol regulatory element binding proteins (SREBP-1C), which contain LXR binding sites and are major transcriptional regulators involved in the synthesis of fat metabolism genes.[@b31-ott-12-685],[@b32-ott-12-685] SREBP has been confirmed to be upregulated in a variety of malignant tumors, such as colon, breast, prostate, and liver cancer, and is closely related to cancer progression and metastasis. Therefore, the abnormal functioning of these genes can cause MS symptoms and induce the occurrence of malignant tumors. The metabolic targets of LXR are also involved in the antitumor effects of LXR ligands. Previous experiments in breast cancer cell lines showed that treatment with LXR ligands led to a disruption in cell proliferation and increased apoptosis.[@b33-ott-12-685]

EC is one of the most common malignant tumors of the female genital tract and is the tenth most common cause of cancer-related deaths in developed countries.[@b34-ott-12-685] Although the incidence of EC in developing countries is lower than that in developed countries, its mortality/morbidity rate is higher in developing countries.[@b35-ott-12-685] Several prospective and retrospective case--control studies have indicated that MS is an important risk factor for EC.[@b36-ott-12-685],[@b37-ott-12-685] We hypothesized that as NR1H3 and NR1H2 play an important role in the development of MS, it is also a risk factor for EC. Therefore, we speculated that NR1H3 and NR1H2 affect the incidence and prognosis of EC. Recently, the role of NR1H3 and NR1H2 in the occurrence, development, and metastasis of many malignancies has been studied, including breast cancer, and it has been widely exploited as a drug target for the treatment of breast cancer. The various mechanisms underlying the effects of NR1H3 and NR1H2 in this area are well studied. However, research regarding the role of NR1H3 and NR1H2 in EC remains limited.

Cyclins are important factors in the molecular mechanisms of cell-cycle progression. There are eight types of cyclins, cyclins A--H. Among these cyclins, cyclin D1 (CCND1) is the most important for the G1/S transition and is currently recognized as a cancer gene. Several studies have shown that CCND1 is closely related to the occurrence and development of EC.[@b38-ott-12-685] The expression of CCND1 is mainly regulated by transcription of activator protein 1 (Ap-1). Ap-1 combines with a variety of activated proteins (such as c-fos, etc.) and coregulatory factors (such as p300, etc.) to promote the transcription and expression of CCND1. However, p300 also plays a key role in regulating transcription during LXR transcription. When LXR was activated, the activation function of LXR ligand binding domain was combined with p300 and p160. Therefore, LXR expression is correlated with CCND1 expression. Studies have speculated that TO901317 may inhibit the expression of CCND1 by promoting the binding of LXR molecules to p300 and reducing the binding of p300 to c-fos. In addition, cyclin E (CCNE) is a key factor in the G1/S transition. Thus, the overexpression of CCNE shortens G1 phase and induces advancement into S phase, resulting in cell proliferation and tumor formation. Accordingly, CCND1 and CCNE were chosen by us as research object.

In this study, we aimed to reveal the differences in NR1H3 expression between EC tissues and normal endometrial tissues and to explore the effects on the proliferation of Ishikawa EC cells in vitro. We also assessed the expression levels of CCNE and CCND1 via real-time RT-PCR and Western blot analysis to determine the effect of NR1H3 on the cell cycle of Ishikawa EC cells.

Materials and methods
=====================

Immunohistochemistry
--------------------

### Paraffin-embedded sectioned specimens

Sectioned tissue specimens were obtained from patients at the Department of Pathology of Wei Hai Municipal Hospital, Shan Dong Province, PR China, from 2014 to 2015. The use of specimens was approved by the hospital's ethics committee and the written informed consent was obtained from each patient. Patients were 21--77 years old and had not received preoperative chemotherapy or radiotherapy. The pathology of each section was reviewed and confirmed by H&E staining under a light microscope. A total of 90 specimens were collected, including 30 cases with normal endometrial tissues, 20 cases of endometrial polyps, and 40 cases of endometrial adenocarcinoma in different stages. The normal endometrial tissues were collected from patients with uterine fibroids or ovarian benign tumors who chose to undergo total hysterectomy, and the pathological assessments confirmed that there were no endometrial impairments in these cases, which included 22 cases in the proliferation phase and 8 cases in the secretory phase. Sections were fixed with 10% formalin and were embedded in paraffin.

### Tissue microarray

To avoid discrepancies caused by differences in temperature, antibody concentration, and reaction time when repeating the immunohistochemistry experiments, we developed a tissue microarray of endometrial tissues for immunohistochemical analysis. The tissue microarrays were purchased from Alina Biological Science and Technology Co., Ltd. (Xi An, PR China) and numbered UT961, UTN801, UT243a, and UT501a. The array contained 93 endometrial adenocarcinoma tissues in different phases of progression and 84 normal endometrial tissues in different phases of progression (including 12 paracancerous tissues: 6 adjacent to endometrial adenocarcinoma, 2 adjacent to serous adenocarcinoma, 2 adjacent to glassy cell carcinoma, 1 adjacent to carcinosarcoma, and 1 adjacent to a malignant Mullerian mixed tumor).

### Immunohistochemical procedures

The typical immunohistochemical methods used were consistent with the following protocol. Sections were typically dewaxed and dehydrated, followed by microwave repair. Sections were incubated in 3% H~2~O~2~ (Sigma-Aldrich Co., St Louis, MO, USA) at 37°C for 15 minutes to inactivate the endogenous peroxidase, and then washed with PBS three times for 3 minutes each time. After blocking with 5% BSA (Beyotime, Shanghai, PR China) for 1 hour, anti-NR1H3 (1:200 dilution; ab106464, Abcam, Cambridge, UK) or anti-NR1H2 (1:200 dilution; ab56237, Abcam) was added and incubated at 4°C overnight. Then, the cells were washed with PBS three times for 3 minutes each. Then, horseradish peroxidase (HRP)-labeled goat antirabbit IgG (Abcam) was added and incubated at 37°C for 20 minutes. Next, streptavidin--biotin complex (Boster, Biological Technology, Pleasanton, CA, USA) was added, and the sections were stained with a diaminobenzidine chromogenic reagent kit (Thermo Fisher Scientific, Waltham, MA, USA) at \~20°C for 5 minutes and then washed with distilled water. Sections were counterstained with hematoxylin for 1 minute, dehydrated, and coated with resin. A positive signal was identified by the appearance of a tan or brown color in the cytoplasm and nucleus. At least five high-powered fields were used to observe each sample, and the numbers of positive cells were counted. No staining and/or \<30% positive cells indicated a negative sample, while samples with \>30% positive cells were considered positive.

Cells and culture
-----------------

The endometrial carcinoma cell line Ishikawa was purchased from the American Type Culture Collection (ATCC; Manassas, VA, USA). The cells were maintained in RPMI-1640 in a humidified atmosphere (5% CO~2~) at 37°C, supplemented with 10% FBS, 100 U/mL penicillin, and 100 µg/mL streptomycin. When the cells reached 90% confluence, they were enzymatically digested with 0.25% trypsin. Malignant cells presented varying sizes, irregular shapes, high karyoplasmic ratios, and more than two visible nucleoli. Under an inverted microscope, monolayer cells were grown, and their density increased.

Immunofluorescence
------------------

For immunofluorescent staining, Ishikawa cells were grown on coverslips in a 6-well plate (5×10^5^ cells per well) for 24 hours to 70% confluence. After washing with PBS twice, the cells were fixed with 4% paraformaldehyde and washed again. Then, the cells were permeabilized with 0.1% Triton X-100 (Sigma-Aldrich) and washed with PBS three times for 5 minutes each. Cells were then blocked with 5% BSA at room temperature for 30 minutes. Anti-NR1H3 primary antibody (1:500 dilution) in blocking solution was applied for 16 hours at 4°C, after which the samples were washed with PBS three times for 5 minutes each and incubated with tetramethylrhodamineisothiocyanate-conjugated goat antirabbit secondary antibodies (excitation/emission =550/570±10 nm; 1:500 dilution; Abcam) for 1 hour at 37°C. The nuclei were then stained with 2 µg/mL Hoechst 33342 at room temperature for 15 minutes, and the slides were visualized by confocal fluorescence microscopy.

Cell viability assay
--------------------

The viability of Ishikawa cells was detected by MTT (Sigma-Aldrich) method. Typically, the cells (5×10^3^ cells per well) were maintained in RPMI-1640 with 10% FBS and grown in 96-well microtiter plates at 37°C in a 5% CO~2~ humidified chamber for 24 hours. Then, the cells were incubated with different concentrations (0, 5, 10, or 20 µM) of TO901317 for 24 hours. Next, 20 µL MTT solution was added to the cells and incubated at 37°C for 4 hours. After that, the supernatant was removed, and 150 µL dimethyl sulfoxide (DMSO) was added, followed by shaking at room temperature for 10 minutes to sufficiently dissolve the crystal. The OD value at 490 nm was then determined. The percent inhibition of cell viability was calculated using the following equation: (1 − (OD~experimental\ group~/OD~control~))×100. To assess the effect of an NR1H3 agonist on Ishikawa cells after different incubation periods, the procedure of it was similar to that for analyzing the effect of the agonist at different concentrations, with the exception of fixed concentration of TO901317 at 10 µM and exposure times of 0, 12, 24, and 48 hours. The control group was treated with isovolumetric DMSO.

Flow cytometric analysis of the cell cycle
------------------------------------------

Ishikawa cells were grown in a 6-well plate (3×10^5^ cells per well), and pretreated with 20 µM TO901317 or isovolumet-ric DMSO for 48 hours. The treated cells were harvested by 0.25% trypsin, washed with PBS, and fixed with 70% ethanol at 20°C for 5 minutes. The cells were then incubated with propidium iodide (Dojindo, Tokyo, Japan) and 0.5 mL of RNase A at 37°C for 30 minutes. The cell cycle was determined by flow cytometry, and the proliferation index (PI) was used to measure the multiplicative division. PI was calculated by the following equation: PI=(S+G2)/(G1+S+G2). The higher value of PI demonstrated more significant cell proliferation.

Real-time RT-PCR
----------------

Total RNA was extracted using TRIzol reagent (TaKaRa Bio Inc, Dalian, China), and the white precipitate was dissolved in 20 µL DEPC water. The concentration of RNA was detected by determining the OD~260~/OD~280~ ratio using an ultraviolet spectrophotometer. cDNA was synthesized through the reverse transcription method using a cDNA synthesis kit. The primers for amplifying NR1H3 (F: CATATGTGGAAGCCCTGCAT; R: GGAGGCTCACCAGTTTCATTAG), CCND1 (F: GCGG AGGAGAACAAACAGAT; R: GAGGGCGGATTGGA AATGA), and CCNE (F: GTACTGAGCTGGG CAAATAGAG; R: GAAGAGGGTGTTGCTCAAGAA) genes were synthesized by Sangon Biotech Co., Ltd. (Shanghai, PR China). Then, real-time RT-PCR was performed with a thermal cycler and a master-cycler gradient (95°C for 10 minutes, followed by 95°C for 5 seconds and 60°C for 1 minute each for 40 cycles, and followed by 95°C for 15 seconds, and 60°C for 1 minute). The data were analyzed using StepOne software.

Western blot
------------

Ishikawa cells were seeded in Petri dishes and incubated with different concentrations of TO901317 for different times. Then, extracts were prepared using a whole-cell extraction kit (Beyotime). Protein concentrations were determined using the bicinchoninic acid protein assay (Beyotime). Aliquots of protein were separated by electrophoresis for 80 minutes at 120 V and transferred to nitrocellulose membranes (Beyotime). Next, the membranes were blocked with 4% nonfat dry milk in Tris-buffered saline (pH 7.4; Beyotime) containing 0.01% Tween 20 (Sigma-Aldrich) and incubated with the following primary antibody: anti-NR1H3 (1:1,000 dilution; ab106464), anti-CCND1 (1:500 dilution; ab134175, Abcam), anti-CCNE (1:1,000 dilution; ab33911, Abcam), or anti-glyceraldehyde-3-phosphate dehydrogenase (anti-GAPDH; 1:5,000 dilution; ab8245, Abcam). The blots were then washed in PBS-Tween 20 and incubated with HRP-labeled goat antirabbit secondary antibodies (1:500) at room temperature for 1 hour. The protein of interest was visualized using an enhanced chemiluminescence system (ChemiDocMP; Bio-Rad Laboratories Inc., Hercules, CA, USA), and images were processed using ImageJ software (Alpha Imager2200).

Statistical analysis
--------------------

Data shown in the study were obtained from at least three independent experiments. All data for different experimental groups are expressed as the mean ± SEM and analyzed by one-way ANOVA. Statistical analysis was performed using SPSS 15.0 software (SPSS, Inc., Chicago, IL, USA). A *P*-value \<0.05 is considered statistically significant.

Results
=======

NR1H3 was overexpressed in endometrial adenocarcinoma tissues
-------------------------------------------------------------

To study the expression of NR1H3 proteins in endometrial tissues, we first performed immunohistochemistry on paraffin-embedded, sectioned specimens. The resulting images indicated that the percentages of cells positive for NR1H3 expression in normal endometrial tissues, endometrial polyps, and endometrial adenocarcinoma tissues were 13%, 50%, and 85%, respectively ([Figure 1A](#f1-ott-12-685){ref-type="fig"}, [Table 1](#t1-ott-12-685){ref-type="table"}), with a significant difference in the percentage of positive cells in endometrial adenocarcinoma tissues compared with those in the other two groups (*P*\<0.01). For NR1H2, the percentages of positive cells in normal endometrial tissues, endometrial polyps, and endometrial adenocarcinoma tissues were 10%, 10%, and 12%, respectively, with no significant differences among groups ([Figure 1A](#f1-ott-12-685){ref-type="fig"}, [Table 1](#t1-ott-12-685){ref-type="table"}). Therefore, NR1H3 was selected as the main target of follow-up experiments. Consistent with the paraffin-embedded section results, immunohistochemistry using the tissue microarray also indicated a higher percentage of cells expressing NR1H3 in endometrial adenocarcinoma tissues (88%) than in normal endometrial tissues (30%; [Figure 1B](#f1-ott-12-685){ref-type="fig"}, [Table 2](#t2-ott-12-685){ref-type="table"}). In addition, the expression of NR1H3 in Ishikawa cells was studied by immunofluorescent staining. As shown in [Figure 2A](#f2-ott-12-685){ref-type="fig"}, red fluorescence, indicating the presence of NR1H3, was mainly distributed in the cytoplasm. Meanwhile, after treatment with TO901317, the result showed that there was no localization change of the intracellular localization of NR1H3.

TO901317 significantly decreased the viability of Ishikawa cells
----------------------------------------------------------------

To study the effect of NR1H3 on the viability of endometrial carcinoma cells, we first observed the growth of Ishikawa cells pretreated with different concentrations of TO901317, an agonist of NR1H3. As shown in [Figure 2B](#f2-ott-12-685){ref-type="fig"}, after 48 hours of incubation, the cells pretreated with PBS or DMSO were monoptychial and adherent and exhibited favorable growth, growing to \~90% confluence. However, growth conditions were poor for cells pretreated with TO901317, with considerable apoptosis observed. Furthermore, a higher dose of TO901317 resulted in a reduction in cellular proliferation: cells reached 60% confluence when pretreated with 10 µM TO901317 but only 20% confluence when treated with 20 µM TO901317.

Next, we assessed cell viability using the MTT method. Again, cellular proliferation was inhibited more dramatically with an increase in the concentration of TO901317, with inhibition rates of 15%±0.97%, 24.8%±2.18%, and 42.5%±2.87% in cells pretreated with 5, 10, and 20 µM TO901317, respectively at 48 hours (*P*\<0.001; [Figure 2C](#f2-ott-12-685){ref-type="fig"}). Moreover, inhibition rates increased with increasing incubation time, resulting in rates of 4.7%±0.69%, 18.1%±1.87%, and 39.2%±2.67% after incubation periods of 12, 24, and 48 hours, respectively, in cells pretreated with 10 µM TO901317 (*P*\<0.001; [Figure 2D](#f2-ott-12-685){ref-type="fig"}). These results indicate that increasing either the concentration or incubation time of the NR1H3 agonist inhibits the viability of Ishikawa cells.

TO901317 significantly arrested the cell cycle in Ishikawa cells
----------------------------------------------------------------

The cell-cycle phases of Ishikawa cells pretreated with TO901317 or DMSO were detected by flow cytometric analysis. As shown in [Figure 3](#f3-ott-12-685){ref-type="fig"}, compared to cells pretreated with DMSO, cells pretreated with TO901317 exhibited an increased percentage of G1 phase cells (40.10%±1.12% vs 63.20%±2.34%, respectively) and G2 phase cells (8.32%±1.12% vs 15.12%±1.14%, respectively) but a decreased percentage of S-phase cells (50.28%±2.03% vs 14.59%±1.18%, respectively). The PI was then calculated and found to be significantly lower in cells pretreated with TO901317 (0.37±0.02) than in those pretreated with DMSO (0.6±0.03) (*P*\<0.001, n=5). These results indicate that the activation of NR1H3 inhibits the proliferation of endometrial carcinoma cells and the G1/S transition.

TO901317 inhibited the expression of CCND1 and CCNE in Ishikawa cells
---------------------------------------------------------------------

To investigate the mechanism by which NR1H3 affects cell viability and the cell cycle, the gene and protein expression levels of NR1H3, CCND1, and CCNE in Ishikawa cells pretreated with different concentrations of TO901317 for different lengths of time were assessed using real-time RT-PCR and Western blot. The results showed that the mRNA and protein expression levels of NR1H3 increased along with increases in the concentration or incubation time of TO901317. Compared to the levels of the control (GAPDH), the relative mRNA expression levels of NR1H3 in cells pretreated with 0, 5, 10, and 20 µM TO901317 for 24 hours were 1.0±0.12, 1.46±0.09, 1.70±0.22, and 2.75±0.13, respectively (*P*\<0.05, [Figure 4A](#f4-ott-12-685){ref-type="fig"}). Western blots also indicated that the protein expression of NR1H3 was increased along with increases in the concentration of TO901317; the corresponding protein expression levels for cells pretreated with 0, 5, 10, and 20 µM TO901317 were 15.8%±1.67%, 26.3%±2.2%, 47.6%±1.76%, and 57.8%±2.6% (100% of GAPDH, respectively) (*P*\<0.05, [Figure 5A and C](#f5-ott-12-685){ref-type="fig"}). Similarly, the relative mRNA expression levels of NR1H3 in cells pretreated with 10 µM TO901317 for 0, 12, 24, and 48 hours were 1.10±0.12, 1.30±0.04, 2.06±0.09, and 2.49±0.07, respectively (*P*\<0.001, [Figure 4B](#f4-ott-12-685){ref-type="fig"}). Western blots also indicated reductions in protein expression as a result of increases in the incubation time, with corresponding protein expression levels of 14.5%±1.73%, 29.4%±1.4%, 49.6%±2.12%, and 58.3±1.35, respectively (*P*\<0.05, [Figure 5B and D](#f5-ott-12-685){ref-type="fig"}).

The expression of CCND1 was also assessed in Ishikawa cells. The relative mRNA expression levels of CCND1 in cells pretreated with 0, 5, 10, and 20 µM TO901317 for 24 hours were 1.0±0.11, 0.84±0.06, 0.72±0.07, and 0.38±0.09, respectively (*P*\<0.05, [Figure 4C](#f4-ott-12-685){ref-type="fig"}). Western blots also indicated that the protein expression of CCND1 was reduced along with increases in the concentration of TO901317, and the corresponding protein expression levels were 60.3%±1.67%, 45.6%±2.8%, 36.0%±2.2%, and 24.3%±1.1%, respectively (*P*\<0.05, [Figure 5A and C](#f5-ott-12-685){ref-type="fig"}). Similarly, the relative mRNA expression levels of CCND1 in cells pretreated with 10 µM TO901317 for 0, 12, 24, and 48 hours were 1.0±0.16, 0.81±0.12, 0.70±0.08, and 0.59±0.17, respectively (*P*\<0.05, [Figure 4D](#f4-ott-12-685){ref-type="fig"}). Western blots also indicated reductions in CCND1 protein expression as a result of increases in the incubation time, with corresponding protein expression levels of 46.3%±1.7%, 34.2%±2.19%, 26.7%±2.14%, and 16.3%±1.43%, respectively (*P*\<0.05, [Figure 5B and D](#f5-ott-12-685){ref-type="fig"}).

Finally, determination of the expression of CCNE indicated that the gene and protein expression levels of CCNE decreased with increases in the concentration or incubation time of TO901317. The relative mRNA expression levels of CCNE in cells pretreated with 0, 5, 10, and 20 µM TO901317 for 24 hours were 1.0±0.08, 0.8±0.01, 0.64±0.09, and 0.35±0.08, respectively ([Figure 4E](#f4-ott-12-685){ref-type="fig"}), and the corresponding protein expression levels were 44.2%±2.1%, 38.6%±1.4%, 34.2%±2.7%, and 14.4%±0.9%, respectively (*P*\<0.05, except for 5 µM treatment, [Figure 5A and B](#f5-ott-12-685){ref-type="fig"}). The relative mRNA expression levels of CCNE in cells pretreated with 10 µM TO901317 for 0, 12, 24, and 48 hours were 1.12±0.19, 0.87±0.13, 0.80±0.04, and 0.76±0.03, respectively (*P*\<0.05, [Figure 4F](#f4-ott-12-685){ref-type="fig"}), and the corresponding protein levels were 48.5%±2.1%, 45.6%±1.54%, 39.8%±2.04%, and 32.3%±1.83%, respectively (*P*\<0.05, except for 5 µM treatment, [Figure 5B and D](#f5-ott-12-685){ref-type="fig"}). These results indicate that TO901317 not only promotes the expression of NR1H3 but also inhibits the expression of CCND1 and CCNE in Ishikawa cells.

Discussion
==========

NR1H3 and NR1H2 are nuclear transcription factors that are considered important cholesterol receptors in the body and that play important roles in various metabolic diseases.[@b39-ott-12-685] The activation of NR1H3 can significantly inhibit the progression of atherosclerosis, diabetes, and other pathological changes.[@b40-ott-12-685] However, the role of NR1H3 and NR1H2 in malignant tumors should be further explored.

The pathogenesis of malignant tumors is highly complex. In recent years, the relationship between cholesterol and the development of malignant tumors has been a major concern.[@b41-ott-12-685] It has been reported that the generation and secretion of cholesterol are significantly increased in tumor tissues, suggesting that endogenous cholesterol plays an important role in the pathological changes in tumors.[@b42-ott-12-685] Some studies have discovered that the expression levels of *SREBP-1c*, *FAS*, *ABCA1*, and *ABCG1*, the downstream target genes of NR1H3 and NR1H2, are significantly increased in breast cancer, EC, and other pathological changes, suggesting that NR1H3 and NR1H2 may regulate the lipid metabolic network, which is related to the development of malignant tumors.[@b43-ott-12-685],[@b44-ott-12-685]

To this end, we selected normal endometrial tissues, endometrial polyps, and endometrial carcinoma tissues for detecting NR1H3 and NR1H2 expression. We found that the expression of NR1H3 was significantly higher in endometrial carcinoma tissues than in normal endometrial tissues and endometrial polyps. This finding indicates that NR1H3 is upregulated in endometrial carcinoma tissues and might be an important factor regulating the occurrence and development of endometrial carcinoma. However, there were no significant differences in the expression of NR1H2 among the normal endometrial, endometrial polyps, and endometrial carcinoma groups, and the expression of NR1H2 was clearly lower than that of NR1H3 in the endometrial carcinoma group. Therefore, NR1H2 might not be involved in regulating the proliferation of endometrial cells, thus, NR1H3 was selected as the main focus of follow-up experiments.

It has been reported that NR1H3 promotes the expression of *ABCA1* and *ABCG1*, genes associated with lipid transport, reducing cholesterol in cells, and transforming the biological functions of tumor cells.[@b45-ott-12-685],[@b46-ott-12-685] Moreover, NR1H3 plays an important role in the immune inflammatory response.[@b47-ott-12-685] Recently, Russo et al determined that NR1H3 plays a key role in tumor cell immunity and immune avoidance.[@b48-ott-12-685] Therefore, the expression of NR1H3 in cancer tissues may be a potential mechanism to protect the body from tumors.

A number of studies have reported that NR1H3 is expressed in the nucleus in various tissues, such as breast cancer, oral cancer, and prostate cancer.[@b49-ott-12-685]--[@b51-ott-12-685] However, our research found that NR1H3 was primarily expressed in the cytoplasm in endometrial tissues and in Ishikawa cells, which is in disagreement with most of the literature. This difference may be attributed to nuclear receptor nucleoplasm shuttle transport, as recent studies have suggested that some nuclear receptors, such as GR and PR, can bind to the heat shock protein Hsp70 or Hsp90 and steadily persist in the cytoplasm where there are no appropriate ligands for these receptors. In addition, some nuclear receptors, such as estrogen receptor,[@b52-ott-12-685] androgen receptor,[@b53-ott-12-685] and glucocorticoid receptors,[@b54-ott-12-685] can bind with their ligands and shuttle between the nucleus and cytoplasm, while thyroid hormone receptors,[@b55-ott-12-685] progesterone receptor,[@b56-ott-12-685] and vitamin D receptor[@b57-ott-12-685] can complete this movement without ligands. Several studies have suggested that nuclear receptors may be capable of rapidly moving into the nucleus and shuttling back and forth between the nucleoplasm. Activated NR1H3 combines with RXR to form dimers, resulting in transcription factor activity. LXR/RXR heterodimers then regulate the transcription of target genes by binding to the LXR response element; the reaction component is specific to the nucleotide sequences of LXR.

Cell proliferation is an important factor in the development of malignant tumors and is one of its main pathological features. Cholesterol is the most important isoprenoid substrate for DNA replication and regulates signal transduction associated with tumor cell proliferation.[@b58-ott-12-685] A variety of cholesterol inhibitors (statins) have been shown to inhibit cell proliferation in several tumors.[@b59-ott-12-685],[@b60-ott-12-685] Studies have reported that the artificially synthesized LXR agonists TO901317 and GW3965 significantly inhibit the proliferation of prostate cancer cells in vitro.[@b61-ott-12-685] TO901317 also significantly inhibited tumor growth in a prostate cancer xenograft mouse model. To study the biological effects of NR1H3 on endometrial carcinoma, we activated NR1H3 using TO901317 and observed its effects on the proliferation of Ishikawa cells. Cell viability analysis showed that TO901317 significantly inhibited the proliferation of Ishikawa cells and arrested the cell cycle in S phase, as indicated by flow cytometry. However, the effects of TO901317 on the cholesterol metabolism pathway in Ishikawa cells should be further explored.

CCND1 has been implicated as a proto-oncogene in recent years. It regulates the G1/S transition and promotes the cell cycle, thereby affecting tissue cell proliferation.[@b62-ott-12-685] CCNE is another cycle protein important for G1 phase in cells, and it can combine with cyclin-dependent kinase 2 to promote the phosphorylation of the Rb protein. CCNE also combines with proliferating cell nuclear antigen and cyclin-dependent kinase inhibitor and promotes the cell cycle transition from G1 to S phase.[@b63-ott-12-685] Recently, CCND1 and CCNE were found to be upregulated in EC tissues and were associated with patient prognosis.[@b64-ott-12-685],[@b65-ott-12-685] There are several papers reporting transcriptional suppression of CCND1 by LXR.[@b66-ott-12-685]--[@b68-ott-12-685] Therefore, we further assessed the effect of LXR agonist TO901317 on the expression of CCND1 and CCNE. TO901317 was shown to reduce the expression of both CCND1 and CCNE in a dose- and time-dependent manner, suggesting that the activation of NR1H3 inhibits the proliferation of endometrial carcinoma cells by inhibiting the expression of CCND1 and CCNE. Some studies have shown that the expression of CCND1 is mainly activated by the transcriptional regulation of Ap-1.[@b69-ott-12-685] When Ap-1 is combined with this sequence, various activated proteins, such as c-Fos or auxiliary regulators, such as p300, are rapidly recruited, leading to the transcription and expression of CCND1.[@b70-ott-12-685] We hypothesize that there is a competitive inhibition relationship between NR1H3- and Ap-1-mediated transcriptional activation, and further molecular biological experiments should be explored to confirm this mechanism.

Conclusion
==========

In summary, this study confirmed the expression of NR1H3 in endometrial carcinoma. In vitro, an agonist of NR1H3, TO901317, was confirmed to significantly inhibit the proliferation of EC cells. The mechanism of this inhibition likely involves the cyclin cell pathway, although further studies are needed to confirm this hypothesis. Additional research on NR1H3 activation will provide experimental evidence for the prevention of endometrial carcinoma; thus, NR1H3 may represent a potential therapeutic target for endometrial carcinoma.
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![Immunohistochemical analysis of paraffin-embedded, sectioned specimens and of a tissue microarray.\
**Notes:** (**A**) NR1H3 and NR1H2 expression in paraffin-embedded, sectioned specimens from normal endometrial tissues, endometrial polyps, and endometrial adenocarcinoma tissues. (**B**) NR1H3 expression in the tissue microarray of endometrial adenocarcinoma tissues and normal endometrial tissues. Brown staining in cells indicates positive cells. Scale bar=100 µm.\
**Abbreviations:** NR1H3, nuclear receptor subfamily 1 group H member 3; NR1H2, nuclear receptor subfamily 1 group H member 2.](ott-12-685Fig1){#f1-ott-12-685}

![Cell immunofluorescence fraction and MTT analysis of cell viability.\
**Notes:** (**A**) Immunofluorescent staining detected the expression of NR1H3 (red) in Ishikawa cells before and after treatment with TO901317. (**B**) Growth of Ishikawa cells pretreated with different concentrations of TO901317. Scale bar=100 µm. (**C**) MTT analysis of the viability of cells pretreated with different concentrations of TO901317 for 24 hours. (**D**) MTT analysis of the viability of cells pretreated with 10 µM TO901317 for different incubation times. \*\**P*\<0.01, ^\#\#^*P*\<0.01 compared to other groups.\
**Abbreviations:** DMSO, dimethyl sulfoxide; NR1H3, liver X receptor α.](ott-12-685Fig2){#f2-ott-12-685}

![Flow cytometric analysis of the cell cycle.\
**Note:** The cell cycle in Ishikawa cells pretreated with DMSO (**A**) or 20 µM TO901317 (**B**) for 24 hours was detected by flow cytometric analysis.\
**Abbreviation:** DMSO, dimethyl sulfoxide.](ott-12-685Fig3){#f3-ott-12-685}

![PCR analysis of the expression of NR1H3, CCND1, and CCNE genes in Ishikawa cells pretreated with different concentrations of TO901317 for different lengths of time.\
**Notes:** (**A**, **C**, **E**) Relative mRNA expression levels in cells pretreated with 0, 5, 10, and 20 µM TO901317 for 24 hours. (**B**, **D**, **F**) Relative mRNA expression levels in cells pretreated with 10 µM TO901317 for 0, 12, 24, and 48 hours. \**P*\<0.05, \*\**P*\<0.01.\
**Abbreviations:** CCND1, cyclin D1; CCNE, cyclin E; NR1H3, liver X receptor α.](ott-12-685Fig4){#f4-ott-12-685}

![Western blot analysis for investigating the expression of NR1H3, CCND1, and CCNE proteins in Ishikawa cells pretreated with different concentrations of TO901317 for different lengths of time.\
**Notes:** (**A**) Cells pretreated with 0, 5, 10, and 20 µM TO901317 for 24 hours. (**B**) Cells pretreated with 10 µM TO901317 for 0, 12, 24, and 48 hours. (**C**) The histogram of relative protein expression of cells pretreated with 0, 5, 10, and 20 µM TO901317 for 24 hours. (**D**) The histogram of relative protein expression of cells pretreated with 10 µM TO901317 for 0, 12, 24, and 48 hours. Compared with control group, n=3, \**P*\>0.05, \*\**P*\<0.05, \*\*\**P*\<0.01.\
**Abbreviations:** CCND1, cyclin D1; CCNE, cyclin E; NR1H3, liver X receptor α.](ott-12-685Fig5){#f5-ott-12-685}

###### 

Percentage of cells positive for LXRs among different endometrial tissues from paraffin-embedded sectioned specimens

  Specimens                                   NR1H3 (+)   NR1H2 (+)               
  ------------------------------------------- ----------- ----------- ----------- ------------
                                                                                  
  Normal endometrial tissues (n=30)           4 (13%)     27 (87%)    3 (10%)     27 (90%)
  Endometrial polyps (n=20)                   10 (50%)    10 (50%)    2 (10%)     8 (90%)
  Endometrial adenocarcinoma tissues (n=40)   34 (85%)    6 (15%)     5 (12.5%)   35 (87.5%)

**Note:** The sectioned specimens were indicated by immunohistochemistry.

**Abbreviations:** LXRs, liver X receptors; NR1H2, liver X receptor β; NR1H3, liver X receptor α.

###### 

Percentage of cells positive for NR1H3 among different endometrial tissues from the tissue microarray

  Group    Endometrial adenocarcinoma tissues (n=93)   Normal endometrial tissues (n=84)         
  -------- ------------------------------------------- ----------------------------------- ----- -----
                                                                                                 
  UTN801   9                                           1                                   20    50
  UT501a   36                                          5                                   1     4
  UT961    26                                          4                                   4     5
  UT243a   11                                          1                                   0     0
  Total    82                                          11                                  25    59
  Rate     88%                                         12%                                 30%   70%

**Note:** The sectioned specimens were indicated by immunohistochemistry.

**Abbreviation:** NR1H3, liver X receptor α.
